Falling is, unfortunately, a leading cause of injury and death in the global elderly population. However, it has previously been shown that increased physical and cognitive activity can decrease the occurrence of falls in the elderly. This paper investigates the potential for a long-term, unsupervised fall prevention training tool in the form of the StepKinnection game, which was designed to exercise both reflex times and movement speed while also providing entertainment. Specifically, this game was used in a three month user study consisting of 10 participants over the age of 65. Adherence to the training program, enjoyment of the game, and ease of use of the game were investigated using a custom usability questionnaire, four established usability scales, heuristic evaluation of gameplay data, and semi-structured interviews. Results show that participants generally had positive attitudes towards the game, they felt that they would engage with this training program more than there current exercises, and that the game was easy to use without guidance or supervision beyond the initial set up support and instructions provided at the start of the experiment period.
INTRODUCTION
With age, mental and physical health declines such that motor functions become often become impaired. This naturally increases the risk of developing health problems such as postural instability, balance disorders or simply having a fall. Due to this, falling is one of the leading causes of injury and fatality among the elderly [32] , representing 2.55% of causes of death for Australians over the age of 85, the highest cause of death by physical injury [22] . With the elderly population of Australia continuing to grow [21] , this presents a wide spread national health concern.
One solution to this to encourage individuals to maintain mental and physical activity through exercise and social engagement to prevent health deterioration and improve motor skills that prevent falling or aid in reacting quickly to falling scenarios. Participating in a regular exercise program has been shown to be an effective intervention strategy with a 40% reduction in falls in user study participants [2] . However, continued compliance with an exercise program can be affected by motivation and it has been argued that motivation for physical activity in the elderly increases if the activity is enjoyable [13] .
The entertainment provided by exertion games [19] available in the market has shown positive results in engaging the elderly in physical exercise and rehabilitation [12] . However, there are not many commercially available games that are specifically designed for an elderly audience, and even fewer that are designed to provide some form of therapeutic support for the player [20] . In a prior paper, the authors of the current paper presented the StepKinnection game [7] , an interactive step training system designed for the elderly that combines:
(1) Appropriate age-related features to suit the needs and preferences of the elderly. (2) Meaningful tasks and exercise routines that are aligned to this health problem. (3) The collection stepping performance data to validate the effectiveness of the intervention.
The combination of these three aspects makes the game potentially useful as a training program as it (1) is appealing to and easy to use by an elderly audience, (2) trains specific physical and cognitive functions associated with falls, and (3) allows for a continuous assessment of health outcomes from gameplay data. It is predicted that the combination of these factors will make games such as this a viable long-term training solution. The focus of previous papers has been on verifying the second and third objective in this list; that is, verifying that the StepKinnection game does in fact improve mobility and balance in elderly participants, as measured through both in-game data and external clinical balance tests [9, 18] . The data in [9] came from the same study presented in this paper and shows a significant increase in stepping and balance performance of the participants involved during the three month experimentation time period.
However, in order for the game to be appropriate for unsupervised training programs that span a long period of time, the game must be enjoyable enough for extended use as well as simple to use by an elderly audience with only minimal instruction from organizers and support staff. Therefore, the work presented in this paper evaluates the first of the earlier mentioned objectives by measuring the levels of adherence and compliance towards the StepKinnection game to determine whether it is feasible to use the game such as this as a long-term, home-based, unsupervised training tool for the elderly. This is done through a user study conducted over a three month period that examines data collected through a combination of a bespoke usability questionnaire, well known usability scales [4, 15, 16, 23] , semi-structured interviews, and in-game metrics. It is important to note that there are many possible games that could be designed to achieve similar objectives and the authors do not claim that the StepKinnection game is the optimal solution. Rather, the primary contribution of this paper is to demonstrate an approach to empirically evaluating the usability and program adherence of fall prevention games.
The next section presents related work on preventing falls through physical activity. The StepKinnection game is then described in detail in Section 3, along with a discussion of the design choices made to encourage key physical movements. Section 4 presents the experimental methodology while Section 5 presents the results of the study in relation to usability and program adherence. Finally, a discussion of the implications of this work and potential future work are presented in Sections 6 and 7.
STRATEGIES TO PREVENT FALLS
Although falls are unpredictable, it is important to take action to reduce the likelihood of suffering falls. Physical activity and structured exercise have been shown to reduce the risk of developing several chronic diseases [5] . For the purpose of preventing falls, exercising has also been shown to be the most effective intervention [10] . Programs targeting the lower limbs have been demonstrated to improve several dimensions associated with falling such as gait speed and balance coordination [14] . In fact, interventions that did not include a walking component but involved balance exercises proved to reduce the risk of falling by 42% [27] .
However, the effectiveness of such exercise interventions also relies on the level of exertion as well as intensity and duration of the activity that is being executed. For instance in the work done by Sherrington et al. [2008] , it is suggested that exercises should challenge balance through the inclusion of tasks that involve moving the centre of mass, reducing the base of support and reducing the use of upper limbs to maintain a balanced position [27] . Howe et al. [2011] suggested that dynamic balance exercises should be conducted three times a week for 15 minutes in order to be effective [29] .
Research by Yau et al. [2013] showed strength and power exercises were a good strategy to counterbalance the loss of muscle mass suffered as a consequence of ageing. Muscle mass decreases with age affecting muscle strength and power which subsequently affects postural stability [26] . Hence, training resistance can help to improve muscle strength [17] , and conducting exercises at high speed with low intensity can improve muscular power [30] .
In the work done by Draganski and May [2008] and Bhatt et al. [2012] , stepping exercises involving a series of induced slips were shown to be an effective method for reducing falls in a laboratory setting. Similarly, in the work done by Studenski et al.[2010] , step training showed improvements in dynamic balance and balance confidence, both associated with falling. Stepping requires the integration of several dimensions such as sensory, central and neuromuscular systems. By taking a short proactive or reactive step an individual can increase their base of support regaining balance. Hence, training this ability is important because it could be the last resort to prevent a fall from happening.
THE STEPKINNECTION GAME
In the StepKinnection game, the player is an explorer who travels around the globe visiting a wide range of countries, hunting for treasures and seeking different adventures [7] . The further they travel, the more the difficulty increases. Gameplay starts with a series of basic levels where players will have the chance to become familiar with the game and coordinate their movements accordingly. Once they have finished these levels, players can move up to more challenging ones related to speed, precision and cognitive complexity.
In order to play the game, the player needs to stand in front of the TV facing the Kinect, as shown in Figre 1. Shortly after, the main menu will be presented, where players can select from a list of counties to visit. The player can wave either hand to move the cursor to navigate the menu. Once the level is selected the user moves to the main stepping tasks.
Stepping Tasks for Developing Motor Skills
There are three main stepping tasks within the game, each designed to target a specific scenario and train the corresponding motor skills. These three activities include normal stepping, motor inhibition, and quick stepping.
For the normal stepping scenario, throughout the game fruits will appear in different areas of the screen every now and then, and the player is expected to collect them. In order to achieve this, the player needs to reach the fruits by stepping on them, with steps being registered by the Kinect sensor. As the user moves through the levels, the time between the appearance of the fruits and the size of the fruits decrease. This is to encourage players to perform quicker and more accurate steps as they advance to higher levels, representing an increase in both physical capability and game specific skills. This mechanism reinforces the ability to take proactive steps that could help an individual to regain balance and avoid falls. Also, as the stepping area decreases, the user needs to be more coordinated to be able to step on the fruits.
In addition to this standard stepping routine, a motor inhibition task was incorporated with the purpose of adding varied difficulty to the game by slightly increasing the cognitive demand. According to Potocanac et al. [2014] , adequate motor inhibition plays an important role in avoiding falls. Training this ability is therefore ideal for situations where avoiding an obstacle can prevent a fall from occurring. In the mid-levels, a lady bug might randomly appear on the screen. Stepping on the lady bug will take two penalty points off the current score, reducing the chances of winning. However, if the player remains in position, one point will be awarded.
Finally, in the higher levels, dollar coins randomly appear on the screen for a split-second. These coins are bonus points that can help players to move faster in the game, with the purpose of encouraging them to step faster. For each dollar coin that they collect, two bonus points will be added to their current score to reward the player. This feature trains the ability to respond quickly to a hazardous situation [24] , such as circumstance where the person has initiated a step but the environment suddenly changes.
For all the above stepping tasks in the game, the accuracy of the responses is automatically processed by the hybrid clinical test for fall risk assessment that is embedded in the game [8, 18] .
EXPERIMENT METHODOLOGY
A longitudinal study approach was selected in order to evaluate adherence to the training program over an extended period of time. For this study, all participants played with the StepKinnection game for 12 weeks. In order to determine whether it is feasible to use the game as a home-based training tool, a set of usability questionnaires were used after completing four weeks of intervention. Other clinical assessments were conducted at baseline and every four weeks in order to assess changes in the physical health and are reported in more detail in [9] .
Participants
For this study, 12 participants aged 76.8 ± 6.73 years were recruited, with 10 residents from two retirement villages in Sydney and two independent-living older adults. However, two participants withdrew within the first month of the study, and so their data is not included in the results in Section 5. Eligibility was determined by the following inclusion criteria: be 65 years old (or older), live without professional assistance in the community, be able to walk independently without assistance, be fluent in the English language, own a flat screen TV (LCD, LED or Plasma) with a HDMI port, be able to watch TV from 3m away (with or without their glasses), have enough room for system use (1.2m -2.5m), and have no major cognitive impairments. Exclusion criteria were unstable health conditions, blindness or colour blindness, major cognitive impairments, inability to step unassisted and unable to walk independently. Written informed consent was obtained from all participants prior to their participation in this study.
Experimental Set-up
Participants were provided with the StepKinnection system which consists of a small computer, a Kinect sensor and a WiFi pocket modem (when required). The computer was attached to the participant's TV for the display of the game. The Kinect was connected to the computer for skeletal tracking purposes. Participants were encouraged to play as much as they wish. A minimum of three sessions of 20 minutes per week was recommended. Participants exercised in their own homes with no supervision. Instructions were given upon installation and an instruction booklet was provided for further reading. To encourage ongoing use, participants were contacted either by phone or face-to-face on a monthly basis.
Data Collection
A usability questionnaire was designed and administered to participants. This questionnaire consisted of twelve Likert items, each on a five point scale from "Strongly Disagree" to "Strongly Agree". The specific questions for this questionnaire can be seen in the results of Figure 2 . An extra final question was asked, "Overall, I enjoyed using the game as a means to exercise", which was reported on a four point scale from "Disagree" to "Agree" in order to remove the neutral middle response.
Additionally, to assess enjoyment, adherence and the ease of use of the system, the following established scales were utilised:
• The ease of use and friendliness of the game as a system was assessed through the Systems Usability Scale (SUS) [4] .
• Game specific usability and enjoyment was measured through the Play Experience Scale (PES) [23] • The player's engagement with the game and state of flow were assessed through the Flow State Scale (FSS) [15] .
• Attitude to physical activity was assessed through the Physical Activity Enjoyment Scale (PACES) [16] .
Feelings towards the game not covered in the questionnaires, such as aspects that would make the game more enjoyable, difficulties experienced during the intervention and features that were not positively received, were assessed through a semi-structured interview. All questionnaires and interviews were conducted after the first 4 weeks (out of 12 total) to get early feedback on the game. This led to more levels being added to the game to encourage continued play throughout the remainder of the experiment. Meanwhile, compliance and adherence to the exercise intervention were assessed throughout the intervention period with the system logs. To identify the participants' feelings and attitudes towards the StepKinnection game as a means to exercise at home, quantitative data obtained through the usability questionnaires were explored descriptively and graphically. For qualitative items obtained during the interviews, the answers were categorised to facilitate the presentation of the results.
RESULTS
This section presents the results of the study in regards to the custom designed usability questionnaire, the established questionnaires from the literature, the semi-structured interviews, and the in-game data collection. The implications of the results are further discussed in Section 6.
Bespoke Usability Questionnaire
The usability questionnaires revealed that the game was perceived as easy to use, playful and enjoyable (see Figure 2) . Results showed that seven of the ten participants strongly agreed that they enjoyed playing the game, and instructions on how to use the game were clear, brief and precise. When participants were questioned about their attitudes and feelings towards the game, six agreed that the game was appealing, the game was playful, and they were able to use the game without help from anyone else.
When asked if they felt that time seemed to alter while playing the game, nine participants responded favourably. In fact, four participants said that time seemed to pass by quicker than usual and six participants indicated that they performed the exercises without even thinking about it.
Regarding the accuracy of the controllers and the ability to interact with the game, seven of the participants strongly agreed that the game reacted consistently to the movements they performed. six participants stated that they thought the avatar responded accurately and consistently to their movements. The majority also answered favourably to questions concerning challenge or level of exertion. While nine of the participants agreed that the game felt suitably challenging, there was one participant who strongly disagreed.
On the potential benefits for mental and physical health, all participants expressed favourable opinions . They felt that playing the game was useful for improving their overall health (six strongly agreed, four agreed). Additionally, six participants also said they never felt frustrated while playing the game.
When asked if they would like to continue playing the game frequently, eight participants agreed with this statement, and the remaining two neither agreed nor disagreed. More importantly, when asked if they would consider using the system as a means to exercise, the majority responded positively: seven strongly agreed, one slightly agreed and two did not respond. Table 1 presents descriptive statistics regarding the questions from the established scales that were most relevant to this evaluation. The SUS scale showed overwhelmingly that the users were able to use the system with confidence and would use it again, with a low standard deviation between participants. The PES scale, however, highlighted that that system sometimes did not respond as the participants wanted. This is likely due to technical glitches in the 
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Kinect skeleton tracking making it hard at time to control the game, a sentiment that is reflected in the interviews presented in the next subsection.
The results of the FSS scale suggest that the participants enjoyed the game and the results of the PACES scale show that they appreciated the physical activity required to play the game. However, the lower mean and higher standard deviation of some of the key items in these two scales indicate that the not all of the participants entered a state of flow while playing the game. This suggests that improvements could be made in making the game more engaging for the elderly target audience, for which there is currently little well establish game design principles and research. It is expected that increasing the occurrence of a flow state would improve adherence to a game-based step training program.
Semi-structured Interviews
The semi-structured interview revealed other aspects that the questionnaires did not show. When asked about their experience with the game, all participants responded favourably. Several stated that it was very enjoyable and a 70 year old female even said "it was great, well researched, good for concentration and co-coordination".
When they were questioned about the characteristics they like about the game, four people stated that they "liked the challenges". A male participant said he liked that the game "was simple and consistent", and a 69 year old female stated that it is a game to "exercise your legs and brain attention with info from the countries you visit".
Questions regarding aspects that participants dislike showed some opposite opinions. While a 79 year old male expressed that he "had to be alert and ready to focus", and a 69 year old man said the games "don't always hold [his] concentration". Also, two people mentioned that in some cases "the gold coins [reward] would disappear too quickly from the screen, so [their] step would not count".
Regarding the existence of problems such as technical difficulties or game glitches, three participants indicated that they had trouble getting the avatar to move. Apparently, the Kinect sensor was not able to detect them. It is likely that the sensor was not recognised by the computer during the start sequence or perhaps inadequate lighting conditions or loose clothing could have affected the skeletal recognition. However, participants indicated that the problem was quickly resolved by restarting their computers.
When asked about the challenge of the workouts, most of the participants stated that the game was suitable for their abilities, and one subject even said "a good challenge to concentrate and move quickly". However, two female participants (aged 83 and 81 years) responded quite differently. While one thought the game was "quite challenging", the other said that she found it "fairly easy".
Questions regarding changes that could potentially improve the game showed a favourable trend. Six of the participants stated that they would not modify the game. There were however two participants (a male aged 79 and a female aged 67) who suggested changes in the speed in which stimuli appear on the screen. For example a female participant said she "would make the first levels a little faster". In addition to this, a 69 year old male suggested that the ability to "play music of their preference would make the game more enjoyable". Also, an 83 year old female proposed the inclusion of more levels within the game in order to make it more interesting.
When asked if the game would motivate them to do their exercises, there were encouraging responses. Eight of the participants indicated that the game would motivate them more than usual exercises. The remaining two participants said that their motivation towards physical activity would be about the same as performing usual exercises.
Finally, when asked if they would like to use the game as a means to exercise, eight of the ten participants answered positively. One female even said "it is quite different to the usual type of exercise we are given". Another female stated that she "would like to keep using the game to ensure [she] keeps moving [her] body". Also, there were some interesting perspectives and attitudes towards the game. While a 69 year old male expressed that he "preferred outdoor activities" rather than playing a game in his living room, an 83 year old female who prefers to "exercise in isolation" said that she likes the game because it allows her to exercise in the comfort of her home.
Program Adherence
Regarding adherence to and progression through the program, system logs indicated that all the participants used the step training system throughout the 12 week intervention period. However, the frequency of use and amount of time spent on the system varied over time.
As shown in Figure 3 , in the first month there were high levels of adherence with an average of 2.5 sessions per week and a mean duration of 20 minutes per session. In the second month, there was a reduction in the frequency of use to 1.6 sessions per week and a decrease in the average session duration from 20 minutes to 16.9 minutes. Finally, in the third month there was an increase in the levels of motivation where the number of sessions played increased from 1.6 to 2.2 sessions per week and the amount of time spent per session increased from 16.9 minutes to 22.3 minutes. The drop in engagement in the second month is primarily due to two factors. First, a few of the participants had other events in their life at that time, such as going on vacation or having surgery, meaning that they did not have access to game, indicting that such a training program may be more beneficial if it could be made more portable. Secondly, by this time most participants had completed all of the levels initially supplied with the game, and the repetition of playing the same levels caused some participants to become disengaged. By the third month, the number of levels available in the game was doubled and so these participants recommenced their training. This highlights that using a game as an exercise program for the elderly requires enough levels or variety of gameplay to last the entirety of the program duration. Looking at the individual usage of participants shown in Table  2 , at the end of the intervention in week 12, two participants had spent a total of 15.2 to 15.3 hours playing with the game, three had played 9.9 to 11.8 hours, three had played between 5 hours and 6.4 hours, and the remaining two had played less than 2 hours each. The participant who spent the most time on the game played a total of 15.5 hours in 25 sessions, and the participant who reported the highest frequency of use played 68 sessions in 15.2 hours.
Regarding progress within the game, Table 2 also showes that at the end of the first week, two participants were playing at the easy levels (Level 0 and 1), six were at the medium difficulty levels (Levels 6-9) and two were at the highest level available (Level 15). In contrast, at the end of the intervention in week 12 after more levels were added due to the questionnaire feedback at the end of the first month, seven of the participants reached the highest level (Level 31), one person was playing at the hard levels (Level 16) and the remaining two were still at the medium levels (Level 4 and 8).
DISCUSSION
Based on the results, the questionnaires showed that the participants had positive attitudes and feelings towards the StepKinnection game. Similarly to the initial usability assessments conducted prior to this intervention to validate core aspects of the game design [7], the acceptance of the game was favourable. Overall, participants found the game pleasant, easy to use and enjoyable.
As an indication of the improved usability by iterative usercentred game design, the previous study identified a series of issues related to the use of the main menus in the StepKinnection game [7] . This generated feelings of dissatisfaction among participants who were unable to make the game do what they wanted to. While the results of the PES scale suggest that some issues may still be present, they are much reduced here.
In regards to the level of exertion and challenge, the cognitive demanding activities and the ability to adapt the step length to the user height seemed to suit the user abilities. Since the game aims to improve certain motor and cognitive functions associated with falling, these tasks need be aligned to train coordination, muscle strength, attention, motor inhibition and the ability to respond quickly to hazardous situations. The game challenge was determined by the incorporation of tasks that were aligned to the problem of preventing falls, not just by increasing the number of obstacles in a linear way.
Although there were two drop-outs before starting the intervention, the ten participants who completed the 12 week program showed good levels of adherence and motivation throughout the study. According to the academic literature, the ability to train at home increases seniors' adherence to physical exercise in the longterm [1] . Also, there is evidence that suggests that home-based exercises are effective in reducing the risk of falling in older people [11] . Consequently, the high adherence rates and the increase in stepping performance and health benefits found during the study period [9] suggest that the use of StepKinnection in the long-term may be effective as a tool to reduce the risk of falling in the elderly.
The StepKinnection game was also demonstrated to be feasible to administer and easy to use. All the participants recruited for this study were able to play the game, navigate through the menus, change levels of difficulty, and perform the stepping routines with only initial instruction for the investigators. The ten participants also indicated that they enjoyed the stepping training and found it useful to improve their health. However, the game design could also be improved to further engage elderly players by increasing the chance of entering a state of flow, which would further increase motivation and adherence to the training program. In regards to the cognitive tasks added to stimulate specific functions related to the risk of falling, participants found the lady bug and the coins to game elements. More importantly, no adverse events related to the intervention were reported. This suggests that the StepKinnection game is a safe mode of exercise for higher functioning older adults and can be used without supervision in the comfort of their home.
One of the main limitations of this study is the small sample size that made it difficult to generalise some of our findings. For example, there was a 93 year old participant who withdrew from the study after one week of intervention. She stated that she was unable to progress within the game levels and found it difficult to remember how to use certain features of the game. This suggests that the system might not be suitable for people with mild cognitive impairments. Additionally, due to complications during the intended recruitment of more participants for this study, it was not possible to set up and monitor a control group for comparisons pre and post intervention. Despite this, the findings are still considered relevant and meaningful as the outcome measures presented high levels of enjoyment, adherence and acceptance.
CONCLUSIONS
This study presents the results of a 12 week intervention that evaluates adherence, enjoyment and the ease of use of the StepKinnection game in order to determine its suitability for use as an unsupervised home-based training tool for the elderly. This pilot study found that long-term training over 12 weeks with the Kinect-based stepping game was safe and feasible to administer in the home in an unsupervised manner and maintained interest over the course of the intervention.
The fun factor in video games is the key to keep people motivated and engaged with the desired activity. Simple tasks and clearly defined goals have been shown to be most effective when designing video games for this specific audience. However, feelings of frustration may rise when interfaces or game procedures are not simple enough. Older people with no computer literacy may develop feelings of confusion when interacting with interfaces that present too many options. Frustration and annoyance often cause of demotivation and player churn in physical training programs [13] . For that reason, it is highly recommended to apply user-centred design methodologies such as the heuristic evaluations of interfaces [18] and the well established usability and flow scales. These inspection techniques can be helpful in identifying hidden usability issues of interfaces and improving engagement.
Future work involves further investigating game design for older people, especially in the sense of encouraging physical activity. This is a under represented target audience both within commercial game development and research and so more work is needed to properly understand the design principles that relate to this audience and that are likely to encourage flow experiences. Additionally, there are opportunities for this type of step training to not only improve physical health but also mental health. Anecdotally, one participant commented on that the music in the game produced positive thoughts of the various countries that the music was designed to represent. This suggests that a game could be designed to provide relief for depression suffers as well as reducing the risk of falling.
